All relevant data are within the manuscript and its Supporting Information files.

Introduction {#sec001}
============

The cervical cancer incidence in Japan is 14.7 (age-standardized rates per 100,000 population), which is higher than that in other developed countries such as United States (6.5), Australia (6.0), and South Korea (8.4) and similar to that in India (14.7) and the Philippines (14.9) \[[@pone.0229924.ref001]\]. Furthermore, vaccination coverage in Japan (under 1%) is significantly lower than that in other countries where cervical cancer vaccines are licensed \[[@pone.0229924.ref002],[@pone.0229924.ref003]\]. Therefore, cervical cancer screening is considered crucial. However, the screening rate in Japan is considerably lower than that in Western and other countries \[[@pone.0229924.ref004]\]. It is reported that the screening rates in the United States and Britain and those in France and South Korea are approximately 80% and 70%, respectively \[[@pone.0229924.ref004]\]. Furthermore, the screening rate in Japan (42.3% \[age group: 20--69 years\]) is lower than that in Australia (56%) \[[@pone.0229924.ref004]--[@pone.0229924.ref006]\]. An increase in the coverage of women receiving periodic cervical cancer screening is urgently needed in Japan. The rate of cervical cancer screening in the Miyagi Prefecture (51.7%; age group 20--69 years) was the second highest among the 47 prefectures in Japan in 2016 \[[@pone.0229924.ref006]\]. In the Miyagi Prefecture, the mobile van service (or mobile examination unit) offering cervical cancer screening serves rural areas where it is difficult to obtain an examination in a hospital or medical center \[[@pone.0229924.ref007],[@pone.0229924.ref008]\]. There are two types of cancer screenings: population-based screening and opportunistic screening such as private and company medical check-ups. All of the mobile van screenings are population-based screenings.

On March 11, 2011, a magnitude 9.0 earthquake, termed the Great East Japan Earthquake, struck the east area of Japan. The abbreviation "3.11" has been used for this earthquake, mainly by the Japanese mass media as the earthquake occurred on March 11, 2011. After the Great East Japan Earthquake, higher-than-expected tsunami waves hit coastal zones of Tohoku and caused devastating damage. The economic loss was serious, and the damage caused by the earthquake was estimated to be approximately 16--25 trillion yen \[[@pone.0229924.ref009]\]. The tsunami-impacted area was predicted to require 10 years for reconstruction \[[@pone.0229924.ref010]\]. In the Miyagi Prefecture, a mobile van service offering cervical cancer screening covered the areas severely affected by the tsunami after the Great East Japan Earthquake. The screening resumed promptly to maintain the health of the residents in the disaster area. In many areas, cervical cancer screening was resumed in April of the year of the disaster, 2011. However, in coastal areas (L-2, L-3, T-3, U-1b in [Fig 1](#pone.0229924.g001){ref-type="fig"}), the re-initiation of screenings was delayed from July to December, 2011. The screening was resumed only in Oshika (L-7 in [Fig 1](#pone.0229924.g001){ref-type="fig"}) in February, 2012 following the earthquake. Unfortunately, the people affected by the disaster continue to be mentally and financially unstable and cannot afford to maintain their health \[[@pone.0229924.ref011],[@pone.0229924.ref012],[@pone.0229924.ref013]\].

![The Tohoku region in Japan and the survey area in the Miyagi Prefecture.\
(A) The Tohoku Region has six prefectures: Aomori Prefecture, Iwate Prefecture, Miyagi Prefecture, Akita Prefecture, Yamagata Prefecture, and Fukushima Prefecture. (B) The survey area in Miyagi. Enlarged views are presented for each of the areas a, b, and c. Also, see [S1 Table](#pone.0229924.s001){ref-type="supplementary-material"} for details. Bold style code numbers represent areas where cervical cancer screenings were performed by mobile vans.](pone.0229924.g001){#pone.0229924.g001}

It is well known that conflicts and disasters have a major impact on healthcare and result in delays in the diagnosis and treatment of patients with cancer \[[@pone.0229924.ref011],[@pone.0229924.ref012]\]. Furthermore, the social isolation caused by a disaster may delay the opportunity to examine and treat patients with cancer \[[@pone.0229924.ref013]\]. A study at a city hospital in 2005 in New Orleans, affected by Hurricane Katrina, found that the mean time from last cytology (Pap test) to diagnosis of cervical cancer was significantly longer after the hurricane (7.7 years) than before the hurricane (4.2 years) (Abstract of the 2001 Western Association of Gynecologic Oncologists Annual Meeting, doi: [10.1016/j.ygyno.2011.07.082](https://doi.org/10.1016/j.ygyno.2011.07.082) \[[@pone.0229924.ref014]\]). In addition, the clinical stage of cervical cancer at diagnosis was significantly higher after the hurricane than before the hurricane \[[@pone.0229924.ref014]\]. Women's health hazards such as abnormal menstrual cycles, pelvic inflammation, and lower genital tract infections after disasters also have been reported in various countries \[[@pone.0229924.ref015]--[@pone.0229924.ref019]\]. Although the failure of health management is considered to lead to long-term health risks, the cervical cancer screening rate (CCS-R) after a disaster remains unexamined. In this study, we examined the trend of CCS-Rs from the Japan fiscal year (April 1 to March 31) 2009--2016 in 45 areas of the Miyagi Prefecture where cervical screenings were performed by the Miyagi Cancer Society ([Fig 1](#pone.0229924.g001){ref-type="fig"}, [S1 Table](#pone.0229924.s001){ref-type="supplementary-material"}).

Materials and methods {#sec002}
=====================

CCS-Rs were obtained from the Annual Report in 2009--2016 and were compiled by the Miyagi Cancer Society (Sendai, Miyagi, Japan). The Miyagi Cancer Society was established as a public interest incorporated foundation and has formed a cancer screening and cancer registration business in Miyagi Prefecture, Japan. The annual report is also compiled as one of the functions of the Miyagi Cancer Society. The population of each region in each year was also extracted from this Annual Report.

The incidence of cervical cancer has increased in Japanese women in their mid-20s \[[@pone.0229924.ref020]\]. Therefore, Japanese cervical cancer screening guidelines recommend to begin screening at the age of 20 years \[[@pone.0229924.ref021]\]. The CCS-R was defined by the following equation: CCS-R = {(Number of women aged 20 years and older who underwent cervical cancer screening) ÷ (Total population of women aged 20 years and older)} × 100 (%). The difference in CCS-R for each year compared with the year before the Great East Japan Earthquake was calculated as follows: Δ\[CCS-R in the year\] = {CCS-R in the year (%)} − {CCS-R in the year before the Great East Japan Earthquake, 2010 (%)}; that is, Δ\[CCS-R 2011\] (%) = CCS-R in 2011 (%) − CCS-R in 2010 (%). The difference in population in each area was calculated similarly: Δ \[Pop. in the year\] = 100 (%) − {(Pop. in the year) ÷ (Pop. in the year before the earthquake, 2010) × 100 (%)}.

In the Miyagi Prefecture, cervical cancer screening was performed in the mobile van or the medical center/hospital. The medical exam statistics at the medical center or hospitals in the Miyagi Prefecture included a large number of sporadic outpatients, who complained of symptoms such as irregular bleeding. Therefore, the results of screening at medical facilities (23 areas) are shown in [S1 Fig](#pone.0229924.s002){ref-type="supplementary-material"}. The study area (45 areas) is shown in [Fig 1](#pone.0229924.g001){ref-type="fig"} and [S1 Table](#pone.0229924.s001){ref-type="supplementary-material"}. In those regions, cervical cancer screening was provided by a mobile van. All of the data were processed using Microsoft Excel (Microsoft Corporation, Redmond, WA, USA). Mann--Whitney U test with StatView ver. 5.0 (SAS Institute Inc., San Francisco, CA, USA) was used for comparison between the groups. This research was approved by the ethics committees of the International Research Institute of Disaster Science, Tohoku University (Sendai, Japan) and Miyagi Cancer Society (Sendai, Japan).

Results {#sec003}
=======

Differences in the CCS-R in each region from 2010 to 2016 are summarized in [Table 1](#pone.0229924.t001){ref-type="table"}. Among the areas covered by the mobile van, the Δ\[CCS-R 2011\] in the 4 regions markedly decreased (over −3.0%) ([Fig 2A](#pone.0229924.g002){ref-type="fig"}): Ogatsu −5.2% (L-3), Onagawa −7.0% (N-1), Karakuwa −4.8% (T-2), and Shizugawa −4.1% (U-1a). These four coastal regions were affected by the tsunami. In Ogatsu (L-3), the CCS-Rs tended to recover the year after the earthquake (2013) and decreased approximately by 2.5% in 2013--2015 compared with the rate one year prior to the earthquake (2010). However, the Δ\[CCS-R 2016\] was −4.1% ([Fig 2Ab](#pone.0229924.g002){ref-type="fig"}). The population from 2011 (Δ\[Pop.2011\]) to 2016 (Δ\[Pop.2016\]) in Ogatsu (L-3) remained at −30.3% to −56.8% ([Fig 2Aa](#pone.0229924.g002){ref-type="fig"}). In Onagawa (N-1), where the decrease in the CCS-R was the highest in the year the earthquake occurred (Δ\[CCS-R 2011\], −7.0%), a high reduction ratio (−5.2 → −5.0 → −5.6 → −6.9 → −4.5) was observed even after the earthquake from (Δ\[CCS-R 2012\] to Δ\[CCS-R 2016\]) ([Fig 2Ab](#pone.0229924.g002){ref-type="fig"}). The Δ\[Pop.2011\] to Δ\[Pop.2016\] in Onagawa (N-1) remained at −20.6% to −34.8% ([Fig 2Aa](#pone.0229924.g002){ref-type="fig"}). In Karakuwa (T-2), although the CCS-R recovered to a decreased rate of less than 2.0% (Δ\[CCS-R 2012\]), it decreased by 3.0% from (Δ\[CCS-R 2013\] to Δ\[CCS-R 2016\]) ([Fig 2Ab](#pone.0229924.g002){ref-type="fig"}). The Δ\[Pop.2011\] to Δ\[Pop.2016\] in Karakuwa (T-2) remained at −4.0% to −11.1% ([Fig 2Aa](#pone.0229924.g002){ref-type="fig"}). In Shizugawa (U-1a), the CCS-R decreased by 3% in the year following the earthquake (Δ\[CCS-R 2012\]) but recovered to the level one year before the earthquake (2010) in 2013 after the merger with Utatsu (U-1b) and increased by more than 3.0% in 2015 and 2016 ([Table 1](#pone.0229924.t001){ref-type="table"}). The Δ\[Pop.2011\] to Δ\[Pop.2016\] in Minamisanriku (U-1 = U-1a + U-1b) remained at −10.5% to −19.1% ([Table 1](#pone.0229924.t001){ref-type="table"}).

![Change in the CCS-R in coastal areas.\
(A) a. Coastal areas showing a remarkable decrease in the cervical cancer screening rates (CCS-Rs) in the year following the Great East Japan Earthquake (over −3.0%). The bar graph shows the CCS-R (%), and the line graph shows the population (number of people). b. Differences in the CCS-R between before and after the Great East Japan Earthquake in each area demonstrated in "a". \*, change of 3% or more. U-1 since Shizugawa (U-1a) and Utatsu (U-1b) were integrated in 2013; the data for 2009--2012 include a total of two regions. (B) a. Change in CCS-R in other coastal areas. The bar graph shows the CCS-R (%), and the line graph shows the population (number of people). b. Differences in the CCS-R between before and after the Great East Japan Earthquake in each area demonstrated in "a". \*, change of 3% or more.](pone.0229924.g002){#pone.0229924.g002}
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###### Differences in the cervical cancer screening rates between before and after the Great East Japan Earthquake.

![](pone.0229924.t001){#pone.0229924.t001g}

  Code No.   2010--2009           2011--2010           2012--2010     2013--2010     2014--2010     2015--2010     2016--2010                      
  ---------- -------------------- -------------------- -------------- -------------- -------------- -------------- ---------------- -------------- --------------
  B          1                    Zao Town             1.5            −0.8           −1.8           −1.0           −1.8             −0.6           −1.7
  2          Shichigasyuku Town   −1.4                 0.0            −1.7           −1.7           ***−4*.*5***   ***−3*.*3***     ***−3*.*4***   
  D          1                    Marumori Town        0.7            −0.2           0.9            −0.1           0.1              1.8            0.5
  E          3                    Murata Town          0.4            0.5            −0.4           0.5            0.7              0.8            1.4
  4          Kawasaki Town        ***6*.*4***          ***3*.*8***    ***4*.*5***    ***3*.*2***    ***4*.*7***    ***7*.*3***      ***6*.*2***    
  H          2                    Yamamoto             1.0            −0.8           −1.1           −1.7           −0.7             −0.9           −0.9
  L          2                    Kahoku               0.3            −1.1           −1.8           −1.9           −0.9             −1.5           ***−3*.*9***
  3          Ogatsu               0.2                  −***5*.*2***   ***−4*.*0***   −2.4           −2.6           −2.4             ***−4*.*1***   
  5          Monou                0.3                  −0.6           −2.3           ***−3*.*4***   −2.7           ***−3*.*5***     ***−5*.*6***   
  6          Kitakami             0.3                  1.3            0.0            −1.0           0.6            −2.2             ***−4*.*3***   
  7          Oshika               −0.8                 −2.9           −1.9           −1.7           0.7            *−****3*.*6***   −1.8           
  N          1                    Onagawa Town         0.8            ***−7*.*0***   ***−5*.*2***   ***−5*.*0***   ***−5*.*6***     ***−6*.*9***   ***−4*.*5***
  O          3                    Sambongi             −0.6           1.7            1.7            1.7            ***−4*.*3***     1.4            2.2
  4          Kashimadai\*         1.4                  0.5            1.4            1.1            1.3            0.8              2.0            
  5          Iwadeyama†           0.6                  1.3            1.6            1.3            1.8            2.0              2.8            
  6          Naruko               0.2                  1.1            0.8            −0.9           0.2            −1.4             −0.1           
  7          Taziri               2.1                  0.9            0.5            0.6            1.2            0.3              2.0            
  P          1                    Misato Town Kogota   0.2            0.1            −1.0           0.0            −0.8             2.6            2.1
  2          Misato Town Nango    0.5                  −1.9           −2.4           −1.8           −2.2           0.5              −1.3           
  3          Wakuya Town‡         ***3*.*9***          −1.2           −2.9           −1.5           −1.2           −1.9             −0.9           
  Q          1                    Kami Town            −0.7           0.5            0.4            2.1            0.9              1.8            ***3*.*9***
  2          Shikama Town†        −1.4                 1.4            2.3            ***3*.*2***    ***4*.*7***    ***4*.*7***      ***4*.*7***    
  R          2                    Ichihasama           0.8            −0.9           −0.4           −0.6           −0.4             −2.9           0.6
  3          Takashimizu          1.4                  0.3            −0.8           1.5            1.4            1.4              2.0            
  4          Semine               1.3                  −1.0           −1.3           −2.5           −0.3           1.1              0.5            
  5          Shiwahime            1.3                  −0.5           −1.3           −2.1           −0.8           0.4              −0.4           
  6          Hanayama             0.9                  −1.7           −1.2           0.0            −2.3           0.4              −1.2           
  8          Kurikoma             1.0                  0.1            −1.1           −0.8           −0.6           −0.2             −0.6           
  9          Uguisusawa           1.0                  0.1            −0.2           −1.0           −1.1           −0.8             −0.5           
  10         Kannari              0.3                  0.3            −0.3           −0.4           −0.2           −1.4             −0.1           
  S          1                    Toyoma               0.4            −0.4           0.2            −0.2           −0.5             −0.1           0.1
  3          Towa                 −0.3                 0.0            1.8            0.8            1.6            2.7              2.3            
  4          Nakada               1.3                  −0.7           2.4            0.2            0.1            0.8              −0.1           
  5          Toyosato             −0.7                 1.0            2.3            ***3*.*0***    2.6            ***4*.*2***      ***3*.*3***    
  6          Yoneyama             −0.5                 1.5            2.0            2.3            1.3            1.1              0.8            
  7          Minamikata           0.1                  −0.8           −0.3           −0.2           −1.4           −1.4             −2.0           
  8          Ishikoshi            1.4                  −1.6           −0.2           0.0            0.2            −1.2             −0.1           
  9          Tsuyama              1.5                  −1.9           −0.8           −0.5           0.3            1.6              2.3            
  T          2                    Karakuwa             −0.3           ***−4*.*8***   −1.9           −2.7           −2.5             ***−3*.*5***   −2.7
  3          Motoyoshi            1.9                  −2.3           −1.3           −1.1           −1.8           −2.6             −2.6           
  U          1a                   Shizugawa            0.3            ***−4*.*1***   ***−3*.*1***   1.7            2.7              ***3*.*6***    ***3*.*1***
  1b         Utatsu               −0.4                 −2.7           ***−4*.*1***   −              −              −                −              
  V          2                    Ohsato Town          −0.2           −0.4           −0.7           1.0            1.1              0.0            0.2
  3          Ohira Village        0.2                  −0.6           0.0            −0.4           −0.4           −0.4             1.0            
  W          1                    Tomiya City          1.4            −0.3           −2.6           −1.2           −2.0             ***−3*.*6***   −1.9

Areas covered by mobile vans were examined. Screening by the mobile vans \*since 2015, †since 2013, and ‡since 2011; Bold italic, change of 3% or more; U-1, Shizugawa (U-1a) and Utatsu (U-1b) were integrated in 2013. The 2010 cervical cancer screening rate was compared with that of 2009.

In the tsunami-affected coastal areas other than the above four towns, the Δ\[CCS-R 2011\] was as follows ([Fig 2B](#pone.0229924.g002){ref-type="fig"}): Yamamoto−0.8% (H-2), Kahoku −1.1% (L-2), Kitakami +1.3% (L-6), Oshika −2.9% (L-7), and Motoyoshi −2.3% (T-3) ([Fig 2Bab](#pone.0229924.g002){ref-type="fig"}). The Δ \[Pop. 2011\] was as follows; Yamamoto −11.3% to −22.4% (H-2), Kahoku −3.5% to −7.0 (L-2), Kitakami −15.3% to −31.7% (L-6), Oshika −14.0% to −38.7% (L-7), and Motoyoshi −3.7% to −6.4% (T-3) ([Fig 2Ba](#pone.0229924.g002){ref-type="fig"}).

In non-coastal areas, the CCS-R declined by more than 3.0% compared with that of the year before the earthquake during the survey period in four places \[Shichigashuku (B-2), Kahoku (L-2), Monou (L5), Tomiya (W-1)\] ([Fig 3A](#pone.0229924.g003){ref-type="fig"}). In contrast, in the 4 non-coastal regions, the CCS-R increased by more than 3.0% during the survey period compared with that before the earthquake year \[Kawasaki (E-4), Kami (Q-1), Shikama (Q-2), Tomiya (S-5)\] ([Fig 3B](#pone.0229924.g003){ref-type="fig"}). No notable increase or decrease (±3.0%) was observed in other non-coastal areas ([Fig 4](#pone.0229924.g004){ref-type="fig"}).

![Change in the cervical cancer screening rate (CCS-R) in non-coastal areas examined in this study.\
(A) a. The CCS-R declined by more than 3.0% compared with that of the year before the earthquake (over −3.0%). The bar graph shows the CCS-R (%), and the line graph shows the population (number of people). b. Differences in the CCS-R between before and after the Great East Japan Earthquake in each area demonstrated in "a". \*, change of 3% or more. (B) a. The CCS-R declined by more than 3.0% compared with that of the year before the earthquake (over +3.0%). The bar graph shows the CCS-R (%), and the line graph shows the population (number of people). b. Differences in the CCS-R between before and after the Great East Japan Earthquake in each area demonstrated in "a". \*, change of 3% or more.](pone.0229924.g003){#pone.0229924.g003}

![Change in the cervical cancer screening rate (CCS-R) in other non-coastal areas examined in this study.\
The bar graph shows the CCS-R (%), and the line graph shows the population (number of people).](pone.0229924.g004){#pone.0229924.g004}

When the areas examined were divided into coastal and non-coastal areas, the CSS-R was significantly lower in the coastal areas during 2011 (*p = 0*.*0046*), 2012 (*p = 0*.*0020*), 2013 (*p = 0*.*0247*), 2015 (*p = 0*.*0370*), and 2016 (*p = 0*.*0135*) ([Fig 5](#pone.0229924.g005){ref-type="fig"}). No significant difference was found in the 2-year comparison before the earthquake (2010--2009, *p = 0*.*2018*) and 2014 (2014--2010, *p = 0*.*6303*) ([Fig 5](#pone.0229924.g005){ref-type="fig"}).

![Comparison of the change in the cervical cancer screening rate in coastal and non-coastal regions.\
The bar graph shows the median value of differences in the CCS-R between before and after the Great East Japan Earthquake (%). Coast, nine coastal regions; Non-coasts, 36 non-coastal regions.](pone.0229924.g005){#pone.0229924.g005}

Discussion {#sec004}
==========

The health of women, especially pregnant women, has been investigated in the areas affected by the Great East Japan Earthquake \[[@pone.0229924.ref022]--[@pone.0229924.ref024]\]; however, no research has been conducted with regard to cancer screening. In the present study, we first clarified the difference in the CCS-R of the Miyagi Prefecture before and after the Great East Japan Earthquake. In the present study, after the Great East Japan Earthquake, the CCS-R significantly decreased in the coastal areas compared with that in other areas. The coastal areas in the Miyagi Prefecture were severely impacted by an unforeseen tsunami. Even within the screening areas, a drastic population decline was observed immediately after the earthquake. It is well known that the tsunami resulted in severe human and residential damage as a result of the Great East Japan Earthquake \[[@pone.0229924.ref025],[@pone.0229924.ref026]\]. Therefore, coastal populations are considered to have decreased both due to death as well as migration as a consequence of the tsunami. After the Great East Japan Earthquake, the population also decreased in areas with a severe decrease in the CCS-R. Although the decrease in the CCS-R could have been attributed to the decline in the population, there were many areas in which there was no clear relationship between the decrease in population and the CCS-R. In the present study, we used the total population of each region for evaluation. We found that further studies that are corrected for the population of women aged over 20 years are required. The economic loss caused by the Great East Japan Earthquake in the Miyagi Prefecture was more severe in coastal areas than in inland areas (4.9 vs 1.6 trillion yen) in 2012 \[[@pone.0229924.ref025]\]. In coastal areas, the damage to livelihoods and social infrastructure resulted in a loss of 2.0 trillion yen and the loss due to residential damage was 1.4 trillion yen. This was 2.4- and 36.2-times higher than that in inland areas, respectively \[[@pone.0229924.ref025]\]. Furthermore, reconstruction in the Miyagi Prefecture was reported to be markedly lower in coastal areas than in inland areas in 2012 to 2016 \[[@pone.0229924.ref026]\].

From the year after the Great East Japan Earthquake to 2016, there were some areas where the CCS-R recovered; however, other areas did not show such recovery. Furthermore, in many areas where cervical cancer screening had been conducted at medical facilities by the Miyagi Cancer Society, a decline in the CCS-R was observed in the year following the earthquake ([S1 Fig](#pone.0229924.s002){ref-type="supplementary-material"}). In an evidence review by CPSTF (USA), small media sources such as newspapers and educational videos as well as solicitation by telephone or letter are recommended as interventions to increase the CCS-R (<https://www.thecommunityguide.org/content/task-force-findings-cancer-prevention-and-control>; accessed 2020.1.17). In Japan, it was also reported that local government initiatives and education contributed to increasing the screening rate of young women \[[@pone.0229924.ref027]\]. However, a detailed investigation is required in areas where these screening rates have declined and awareness attempts by local government and other organizations may have been delayed. It is important for future post-disaster measures to clarify the details of the recruitment of cervical cancer screening programs for women in each area.

It is well known that conflicts and disasters have a major influence on healthcare and cause delays in diagnosis and treatment of patients with cancer \[[@pone.0229924.ref011]\]. In the Fukushima Prefecture, which was impacted by a triple disaster (an earthquake, a tsunami, and a nuclear accident), delays in symptom recognition to the first medical examination in patients with breast cancer have been reported \[[@pone.0229924.ref012]\]. The trend of risk due to patients' delay continues even following the disaster \[[@pone.0229924.ref012]\]. It is also reported that social isolation due to the triple disaster in Fukushima may have delayed opportunities for medical consultation and appropriate therapy among patients with colon cancer \[[@pone.0229924.ref013]\]. A survey of 366 patients with cervical cancer from urban hospitals in New Orleans, USA affected by Hurricane Katrina in 2005 was conducted \[[@pone.0229924.ref014]\]. The mean time from last cytology (Pap test) to diagnosis of cervical cancer was significantly longer after the hurricane (7.7 years) than before the hurricane (4.2 years) \[[@pone.0229924.ref014]\]. In addition, the cancer stage was significantly higher (*p \< 0*.*01*) after the hurricane (From 2006 to 2010: stage I, 40 cases; stage II, 36 cases; stage III, 32 cases; stage IV, 32 cases.) than before the hurricane (From 2000 to 2005: stage I, 101 cases; stage II, 60 cases; stage III, 37 cases; stage IV, 28 cases) \[[@pone.0229924.ref014]\]. The five-year overall survival rates for cervical cancer stages I and II are known to be approximately 90% and 75%, respectively \[[@pone.0229924.ref020]\]. Early detection by periodic screening is critical in order to prevent death from cervical cancer \[[@pone.0229924.ref021]\]. If regular screening is skipped as a result of the earthquake, it may be detected later as advanced cancer. This situation was found in the area that was impacted by Hurricane Katrina \[[@pone.0229924.ref014]\]. These reports illustrate the importance of prompt reconstruction of healthcare systems, including screening, for early detection \[[@pone.0229924.ref014],[@pone.0229924.ref028]\]. Compared to the USA CCS-R, the Japan CCS-R is too low \[[@pone.0229924.ref004],[@pone.0229924.ref006]\]. Therefore, it would be difficult to perform the same analysis as that in US research due to the small number of comparative patients. Otherwise, in Japan, cervical cancer screening is expected to reduce cervical cancer deaths (recommendation grade B), with evidence levels of 2++ for conventional and 2+ for liquid-based cytology \[[@pone.0229924.ref021]\]. There are limitations to conducting a further detailed analysis in the areas examined in this study; however, a reduction in CCS-Rs suggests that women's health will be significantly affected.

The trauma experienced during tsunamis remains a strong psychological stressor among disaster victims \[[@pone.0229924.ref029]--[@pone.0229924.ref033]\]. A survey after the Great East Japan Earthquake reported that difficulty settling back into daily living, the presence of preexisting illnesses, and the disruption of social networks were the most important risk factors for mental health disorders. These conditions did not improve even 2 years after the disaster \[[@pone.0229924.ref034]\]. Therefore, it is possible that women in the affected areas will continue to be exposed to long-term distress. Psychological stress is believed to exhibit immunosuppressive effects through the inhibition of several lymphocyte functions. Stress is known to be involved in tumorigenesis or tumor development by the inactivation of cytotoxic T cells and natural killer (NK) cells \[[@pone.0229924.ref034]\]. In surveys after natural disasters such as earthquakes and hurricanes, associations between disaster-related stress and decrease of immune functions, especially suppression of NK cell activity, have been reported \[[@pone.0229924.ref034]--[@pone.0229924.ref038]\]. A survey of victims of the 1995 Southern Hyogo Prefecture Earthquake in Japan revealed that post-traumatic stress disorder symptoms and poor lifestyle are associated with low NK cell activity \[[@pone.0229924.ref038]\].

Reconstruction of the healthcare system after the Great East Japan Earthquake is significant; however, the progress is uneven among the affected areas \[[@pone.0229924.ref039]\]. Design and construction of a comprehensive medical system, including lifestyle habit improvements, mental health care, and medical screening after a disaster, are essential for preventing health damage to women. During the sub-acute and chronic phases following the Great East Japan Earthquake, there were significant needs for medical and public health assistance that included infectious disease control and mental health care at evacuation facilities \[[@pone.0229924.ref040]\]. The provision of health and health facilities is a priority issue in the international guidelines on disaster reduction actions for the 15 years to 2030 adopted by the 3rd United Nations World Conference on Disaster Reduction (WCDRR, 2015) \[[@pone.0229924.ref041]\]. The present study suggests the importance of prompt reconstruction of healthcare systems and the inclusion of cancer screening in these systems to maintain women\'s health.
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###### Areas where cervical cancer screening is covered by the Miyagi Cancer Association.
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###### Change in the cervical cancer screening rate (CCS-R) in 23 areas that were screened at the hospital of a medical center in Miyagi Prefecture.

The bar graph shows the CCS-R (left vertical axis; unit, %), and the line graph shows the population (right vertical axis; unit, number of people).
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Lines 55-57 use past and present tense terms. Instead of \"may need 10 years for reconstruction\" perhaps the authors may consider using \"the tsunami-hit area was predicted to necessitate 10 years for reconstruction.\"
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I was not able to easily find the information for reference \#23. Is New Orlando, USA a city that was described in this study?

Line 218: what stage is being referred to? Lines 219-221 should be considered being combined.

Why is this important for clinical outcomes? Is there any data regarding how many cervical cancers were missed as a result of delayed screening (either from the authors data set or from any of the references)?

Lines 235-236 contain repeated information which was just mentioned in lines 232-234.
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To Reviewer \#1:

We appreciate your comments regarding our manuscript entitled "Cervical cancer screening rates before and after the Great East Japan Earthquake in Miyagi prefecture, Japan" (manuscript ID: PONE-D-19-25407). We have revised the manuscript according to your comments and provided detailed responses to the specific comments below.

Maybe have an editor copy edit for grammar.

This manuscript has been strictly edited.

Abstract: say earthquake was a magnitude 9.0 to show the seriousness of the disaster.

We have added the above to the abstract accordingly (lines 22-23).

Intro: authors say screening rates are low in Japan compared to other countries. What are the prevalence rates of cervical cancer in Japan compared to other countries? What about HPV vaccine rates?

We appreciate your comment. We believe it is important to provide information on cervical cancer prevalence and vaccination rates in Japan. We have summarized that information in the Introduction section (lines 36-44; 46-47; 49-50).

Why was it called the 3.11 earthquake?

The abbreviation \"3.11\" has been used mainly by Japanese mass media since the earthquake occurred on March 11, 2011. We described the above in the Introduction section (lines 57-59). In addition, "3.11" is widely recognized in Japan; however, there may be many readers who are not familiar with this term. Therefore, we have not used "3.11" as an abbreviation in the manuscript.

What is the evidence to support this line: However, the people affected by the disaster are 61 still unstable, and cannot afford to take care of their health.

Several studies have reported that the mental and financial instability of survivors creates "patients' delay" (lines 70-71). We have added references to clarify this and described it in the next paragraph in the revised manuscript (lines 72-82).

Why study cervical cancer and not the other women's health conditions? Not well justified

We have summarized this information in the Introduction and have described it in the Discussion section. We clarified why we targeted a disaster and its impact on cervical cancer screening in this research (lines 72-86).

Table 1 is not useful to a reader unfamiliar with the region. A map would be more useful.

The code numbers in Table 1, which is S1 Table in the revised version, match those in Figure 1B in order to distinguish the areas on the map. It is clearly described in each legend in the S1 Table and Figure 1B in the revised manuscript.

Methods: Is the Miyagi Cancer Society a reputable resource? How do they get their data? Is it a government agency?

The Miyagi Cancer Society was the first established organization in Japan for cancer since 1958. In 2012, the society was recognized by the administrative agency as a public interest incorporated foundation and has undertaken a cancer screening and cancer registration business in Miyagi Prefecture, Japan. The Annual Report is also compiled as one of its functions. We have summarized these details in the Materials and Methods (lines 100-103).

Results: Why only mobile van data included? Seems like a significant limitation. Where do most people get cervical cancer screenings in this region?

Medical exam statics at hospitals or the medical center in Miyagi Prefecture include a large number of occasional outpatients, who complain of symptoms such as irregular bleeding. On the other hand, women who have undergone cervical cancer screening in a mobile van were all periodic health care check-ups. In addition, in these regions, cervical cancer screening is covered by the mobile van. We added above sentences in the Materials and Methods and Results (lines 117-122).

Better visualizations would make the data more meaningful (a map rather than a long table, perhaps). AH OK, I see maps at the end. I like the figures. But better to label the map with the region name and the bar charts with region names. The "T-3" labels are hard to follow.

We agree with your comment. We revised Figure 1B accordingly.

Discussion: what were the results from the pregnancy studies? I still don't know why cervical cancer was the focus here. No solid health or financial justification has been provided. OK page 19-21 are good. Maybe more of this justification or background should be in the introduction.

We agree with your suggestion. We have included a summary of this discussion in the introduction and have clarified our motivations for studying a disaster and its impact on cervical cancer screening (lines 72-86).

What was the population decline?

It is well known that the tsunami resulted in severe human and residential damage as a result of the Great East Japan Earthquake. Therefore, coastal populations are considered to have decreased both due to death as well as migration as a consequence of the tsunami. We added this sentence in the Discussion section (lines 227-230).

Overall it's a decent paper. Though I am still unclear if the magnitude of change in screening is clinically meaningful. Can that point be proven? For example, saying that in Katrina the mean time to diagnosis was 7 years compared to 4 before Katrina -- that is clinically meaningful. Could something similar be said here?

We appreciate your kind comments regarding our research. Compared to the USA CCS-R, the Japan CCS-R is too low. Therefore, it would be difficult to perform the same analysis as that in US research due to the small number of comparative patients. Otherwise, in Japan, cervical cancer screening is expected to reduce cervical cancer deaths (recommendation grade B), with evidence levels of 2++ for conventional and 2+ for liquid-based cytology. There are limitations to conducting a further detailed analysis in the areas examined in this study; however, a reduction in CCS-Rs suggests that women's health will be significantly affected. We have clarified this aspect in the Discussion section (lines 274-286).

 

To Reviewer \#2

We appreciate your comments regarding our manuscript entitled "Cervical cancer screening rates before and after the Great East Japan Earthquake in Miyagi prefecture, Japan" (manuscript ID: PONE-D-19-25407). We have revised the manuscript according to your comments and provided detailed responses to specific comments below.

It may be more universally understandable if the magnitude of the earthquake is given in the abstract, i.e., after the Great East Japan Earthquake to put in the parentheses (magnitude 11.0); if the authors decide to leave 3.11 earthquake in the parentheses, they should put it in quotations \"3.11\" or indicate in some other way that this is a colloquial, synonymous term. The authors do explain this in line 53, however (but the abstract is often the first paragraph read in a manuscript). Elsewhere in the manuscript (line 53, 59), it may be more clear if the authors refer to the earthquake as the Great East Japan Earthquake instead of the 3.11 earthquake.

We agree with your suggestions. In the abstract, "3.11" has not been used as an abbreviation for the Great East Japan Earthquake. In the text, "3.11" was only mentioned as being used mainly by the Japanese mass media and not used as an abbreviation elsewhere (lines 57-59).

In the abstract, the sentence \"It is possible that a decrease in CCS-R will lead to the detection in the advanced stages of cancer.\" may be incorrect? Did the authors want to suggest that a decrease in CCS-R may lead to less detection of advanced stages of cancer?

We apologize for any inaccuracies. As you pointed out, a decrease in the CCS-R may lead to low detection of advanced stages of cancer. We have revised the abstract accordingly (lines 31-32).

In the first sentence of the introduction (line 36), please state why this recommendation is important (otherwise this sentence seems abrupt as an opening to this manuscript).

We agree with your comments. It is important to consider that in the results of this study, cervical cancer screening is recommended based on the evidence from Japan. Therefore, we moved this sentence from the Introduction to the Discussion section in the revised manuscript.

The introduction does not flow well in terms of the verbage used. Lines 41-45 should flow and lead into each other.

We agree with your comments. We have revised this series of sentences in the revised manuscript (lines 36-55).

Lines 55-57 use past and present tense terms. Instead of \"may need 10 years for reconstruction\" perhaps the authors may consider using \"the tsunami-hit area was predicted to necessitate 10 years for reconstruction.\"

We agree with your comments. We have revised this sentence accordingly (lines 62-63).

Please give a time course in lines 57-61. How long after the earthquake did the mobile van service resume screening?

We agree with your comments. In many areas, cervical cancer screening was resumed in April of the year of the disaster . However, in coastal areas (L-2, L-3, T-3, U-1b in Fig. 1), the re-initiation of screenings was delayed from July to December of that same year . The screening was resumed only in Oshika (L-7 in Fig. 1) in February following the earthquake. We added this information to the Introduction section (lines 66-70).

Line 62: please cite this publication within the manuscript using a standardized method such as MLA format (i.e., \"In a study describing survey results regarding reproductive health after the 2008 Wenchuan earthquake in China, Liu et al. reported\...\...\")

We agree with your comments. In the revised manuscript, we modified the Introduction section to include this sentence (lines 72-86).

Lines 69-71 is too nebulous and general of a statement to make. The authors should add in that the failure of health management in the specific context of natural disasters (or whatever they feel it is specifically pertaining to).

We agree with your comments. In the revised manuscript, we modified the Introduction section accordingly (lines 72-86).

Line 72: \"Japan fiscal year (FY; April 1 to March 31) 2009--FY2016\" should be simplified to set years (i.e., 2009-2016).

We agree with your comments. We have revised the manuscript accordingly (line 87).

Table 1 is too complex and slightly unnecessary. Perhaps a small color coded index included as a legend in Figure 1 with the names of the prefectures would suffice (with consideration to take out Table 1 entirely; the prefectures can remain in Table 2 since it also provides pertinent information).

We agree that Table 1 may be unnecessary for many readers. However, it may be helpful for readers who know Japan in order to identify a location. We have left it as a supplemental table. In addition, we have revised Figure 1 to make it easier to understand.

Line 93: instead of \"people,\" should this be \"females\"? Why is the CCS-R pertaining to those 20 years old and over - if this is a screening protocol in Japan then please state that here.

We appreciate your polite comment. Line 93 \"people\" has been corrected to \"women\".

The incidence of cervical cancer has increased in Japanese women in their mid-20s. Therefore, Japanese cervical cancer screening guidelines recommend to begin screening at the age of 20 years. We described this in the Materials and Methods section (lines 105-107).

It would be useful to get an idea about the numbers affected since -3.0% etc\...(e.g., line 113, line 121) may be difficult to interpret meaningfully to the reader. The authors should consider detailing the population numbers in the text and delineating the axes on the graphs in all of the figures themselves (including the supplementary ones) for whatever they represent (i.e., year, population in thousands etc\...) instead of in the figure legend.

We agree with your comments. We have added new graphs in Figures 2 and 3 to make it easier to understand the decrease in cervical cancer screening rates. We also revised the graphs accordingly.

The authors may consider not stating: \"no significant difference was found\" in line 170 since the p value was 0.6303. Likewise, in line 180 it is stated that there was a significant decrease in the coastal area compared with that in other areas however this is difficult to interpret without a regression analysis (and consideration of determining a p value).

We apologize for failing to explain Figure 5. We divided the regions into coastal and non-coastal areas and compared them using the Mann--Whitney U test. The p-value shows the results. We have added the legend for Figure 5 (lines 211-215)..

Lines 196-200 are unclear in their message?

In this article, it was suggested that the victims may be motivated to manage their health if they realize that there is recovery from disaster. However, there is no evidence or reference to support this suggestion as you point out. I agree that this is unclear. Therefore, we have deleted this text from the revised manuscript.

Lines 204-206: even though the authors could not identify causes, are there any that could be hypothesized based on data from previous similar studies?

We agree with your comments. In an evidence review by CPSTF (USA), small media sources such as newspapers and educational videos as well as solicitation by telephone or letter are recommended as interventions to increase the CCS-R (<https://www.thecommunityguide.org/content/task-force-findings-cancer-prevention-and-control;> access 2020.1.17). In Japan, it was also reported that local government initiatives and education contributed to increasing the screening rate of young women. However, a detailed investigation is required in areas where these screening rates have declined and awareness attempts by local government and other organizations may have been delayed. We have added this to the Discussion section (lines 248-257).

I was not able to easily find the information for reference \#23. Is New Orlando, USA a

city that was described in this study?

Ref.\#23 is an abstract of the 2001 Western Association of Gynecologic Oncologists (WAGO) Annual Meeting published in Gynecologic Oncology. We noted this in the manuscript that this reference is a conference abstract. The DOI number is also added to link to this abstract (lines 78-80).

Line 218: what stage is being referred to? Lines 219-221 should be considered being combined.

The details of the stage data are described in the Discussion section. We also revised the manuscript as you pointed out (lines 270-273).

Why is this important for clinical outcomes? Is there any data regarding how many cervical cancers were missed as a result of delayed screening (either from the authors data set or from any of the references)?

The five-year overall survival rates for cervical cancer stages I and II are known to be approximately 90% and 75%, respectively. Early detection by periodic screening is critical in order to prevent death from cervical cancer. If regular screening is skipped as a result of the earthquake, it may be detected later as advanced cancer. This condition was found in the area that was impacted by Hurricane Katrina.We added this in the Discussion section (lines 273-282).

Lines 235-236 contain repeated information which was just mentioned in lines 232-234.

We deleted this sentence in the revised manuscript.

Lines 239-242 need to be written with a more clear introduction or transition. Lines 241-242 are unclear.

It is known that smoking increases the risk of HPV infection. In this sentence, it suggests the number of smokers is increasing in many affected areas, implying that cervical cancer should be considered in these areas. However, there is no direct evidence of smoking rates in coastal and non-coastal areas surveyed in this research. Therefore, we removed this information from the revised manuscript.

Consider writing a separate conclusion since lines 244-248 do not transition in a clear way since the discussion prior to it pertains to smoking a mental stress.

We removed the description of mental stress and smoking and added a separate conclusion in the revised manuscript.

The conclusive remark (line 246-248) is meaningful however there is lack of data to support this claim. The authors should consider including evidence from the literature supporting why design and construction of a comprehensive medical system etc\... would be beneficial.

During the sub-acute and chronic phases following the Great East Japan Earthquake, there were significant needs for medical and public health assistance that included infectious disease control and mental health care at evacuation facilities. The provision of health and health facilities is a priority issue in the international guidelines on disaster reduction actions for the 15 years to 2030 adopted by the 3rd United Nations World Conference on Disaster Reduction (WCDRR, 2015). The present study suggests the importance of prompt reconstruction of healthcare systems and the inclusion of cancer screening in these systems to maintain women\'s health. We have described this in the Discussion section as a conclusion (lines 306-314).

 

To Reviewer \#3:

We appreciate your comments regarding our manuscript entitled "Cervical cancer screening rates before and after the Great East Japan Earthquake in Miyagi prefecture, Japan" (manuscript ID: PONE-D-19-25407). We have revised the manuscript according to your comments and provided detailed responses to specific comments below.

The study utilized appropriate statistics in analyzing data collected from relevant sources. The conclusions drawn and recommendations made were based on the results of the study. However, the following observations and comments addressed.

1\. The cervical cancer screening rate for Japan should be stated for adequate comparison with other countries (lines 40-41).

We have added cervical cancer screening rates for Japan (33.7%; age group: 20-69 years) and Miyagi Prefecture (42.1%; age group: 20-69 years) (lines 46-50).

2\. Recast the sentence on lines 50 - 51 removing \'screening for cervical cancer screening\' so the sentence reads \'All mobile van screenings are population-based\'.

We appreciate your comments. We have revised this sentence accordingly.

3\. Replace \'as per\' with a standard English word or phrase (line 65).

This phrase was considered meaningless and has been removed from the revised manuscript.

4\. Replace \'i.e\' with the appropriate words (line 97).

This word has been corrected to \"e.g.\" (line 113).

5\. Lines 196 - 197: Report in the past.

We appreciate your comment. This sentence was deleted due to the other reviewers\' suggestions.

References.

6\. Cross-check if the following articles are single-paged articles: reference nos \[3\], \[14\], \[21\], \[39\]; and provide the complete pages where missing.

These references are single-paged online journals.

7\. Provide the year of publication for no \[5\], and page numbers for no \[27\]. Also check the correctness of the page number for reference no \[38\].

Reference No. \[5\] was 2016 public data of National Cancer Center in Japan. Nos. \[27\] and \[28\] are also online journals, each having a single number \"4\" and \"e018943\".
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PLOS ONE

Dear Dr. Ito,

Thank you for submitting your manuscript to PLOS ONE. After careful consideration, we feel that it has merit but does not fully meet PLOS ONE's publication criteria as it currently stands. Therefore, we invite you to submit a revised version of the manuscript that addresses the points raised during the review process.

The reviewer \#3 addressed some minor comments about your revised manuscript. Please check the manuscript carefully.

We would appreciate receiving your revised manuscript by Mar 27 2020 11:59PM. When you are ready to submit your revision, log on to <https://www.editorialmanager.com/pone/> and select the \'Submissions Needing Revision\' folder to locate your manuscript file.

If you would like to make changes to your financial disclosure, please include your updated statement in your cover letter.

To enhance the reproducibility of your results, we recommend that if applicable you deposit your laboratory protocols in protocols.io, where a protocol can be assigned its own identifier (DOI) such that it can be cited independently in the future. For instructions see: <http://journals.plos.org/plosone/s/submission-guidelines#loc-laboratory-protocols>

Please include the following items when submitting your revised manuscript:

A rebuttal letter that responds to each point raised by the academic editor and reviewer(s). This letter should be uploaded as separate file and labeled \'Response to Reviewers\'.A marked-up copy of your manuscript that highlights changes made to the original version. This file should be uploaded as separate file and labeled \'Revised Manuscript with Track Changes\'.An unmarked version of your revised paper without tracked changes. This file should be uploaded as separate file and labeled \'Manuscript\'.

Please note while forming your response, if your article is accepted, you may have the opportunity to make the peer review history publicly available. The record will include editor decision letters (with reviews) and your responses to reviewer comments. If eligible, we will contact you to opt in or out.

We look forward to receiving your revised manuscript.

Kind regards,

Kenji Hashimoto, PhD

Academic Editor

PLOS ONE
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Reviewers\' comments:

Reviewer\'s Responses to Questions

**Comments to the Author**

1\. If the authors have adequately addressed your comments raised in a previous round of review and you feel that this manuscript is now acceptable for publication, you may indicate that here to bypass the "Comments to the Author" section, enter your conflict of interest statement in the "Confidential to Editor" section, and submit your \"Accept\" recommendation.

Reviewer \#2: All comments have been addressed

Reviewer \#3: (No Response)

\*\*\*\*\*\*\*\*\*\*

2\. Is the manuscript technically sound, and do the data support the conclusions?

The manuscript must describe a technically sound piece of scientific research with data that supports the conclusions. Experiments must have been conducted rigorously, with appropriate controls, replication, and sample sizes. The conclusions must be drawn appropriately based on the data presented.

Reviewer \#2: Partly

Reviewer \#3: Yes

\*\*\*\*\*\*\*\*\*\*

3\. Has the statistical analysis been performed appropriately and rigorously?

Reviewer \#2: Yes

Reviewer \#3: Yes

\*\*\*\*\*\*\*\*\*\*

4\. Have the authors made all data underlying the findings in their manuscript fully available?

The [PLOS Data policy](http://www.plosone.org/static/policies.action#sharing) requires authors to make all data underlying the findings described in their manuscript fully available without restriction, with rare exception (please refer to the Data Availability Statement in the manuscript PDF file). The data should be provided as part of the manuscript or its supporting information, or deposited to a public repository. For example, in addition to summary statistics, the data points behind means, medians and variance measures should be available. If there are restrictions on publicly sharing data---e.g. participant privacy or use of data from a third party---those must be specified.

Reviewer \#2: Yes

Reviewer \#3: Yes

\*\*\*\*\*\*\*\*\*\*

5\. Is the manuscript presented in an intelligible fashion and written in standard English?

PLOS ONE does not copyedit accepted manuscripts, so the language in submitted articles must be clear, correct, and unambiguous. Any typographical or grammatical errors should be corrected at revision, so please note any specific errors here.

Reviewer \#2: No

Reviewer \#3: Yes

\*\*\*\*\*\*\*\*\*\*

6\. Review Comments to the Author

Please use the space provided to explain your answers to the questions above. You may also include additional comments for the author, including concerns about dual publication, research ethics, or publication ethics. (Please upload your review as an attachment if it exceeds 20,000 characters)

Reviewer \#2: (No Response)

Reviewer \#3: Authors should make the following corrections:

Lines 39 - 40; the data source should be appropriately referenced by including it in the reference list and represented with the reference number in block parenthesis in the text.

Line 113; the appropriate phrase for i.e, is \'that is\', not e.g.

\*\*\*\*\*\*\*\*\*\*

7\. PLOS authors have the option to publish the peer review history of their article ([what does this mean?](https://journals.plos.org/plosone/s/editorial-and-peer-review-process#loc-peer-review-history)). If published, this will include your full peer review and any attached files.

If you choose "no", your identity will remain anonymous but your review may still be made public.

**Do you want your identity to be public for this peer review?** For information about this choice, including consent withdrawal, please see our [Privacy Policy](https://www.plos.org/privacy-policy).

Reviewer \#2: No

Reviewer \#3: Yes: Golda O. Ekenedo

\[NOTE: If reviewer comments were submitted as an attachment file, they will be attached to this email and accessible via the submission site. Please log into your account, locate the manuscript record, and check for the action link \"View Attachments\". If this link does not appear, there are no attachment files to be viewed.\]

While revising your submission, please upload your figure files to the Preflight Analysis and Conversion Engine (PACE) digital diagnostic tool, <https://pacev2.apexcovantage.com/>. PACE helps ensure that figures meet PLOS requirements. To use PACE, you must first register as a user. Registration is free. Then, login and navigate to the UPLOAD tab, where you will find detailed instructions on how to use the tool. If you encounter any issues or have any questions when using PACE, please email us at <figures@plos.org>. Please note that Supporting Information files do not need this step.
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To Reviewer \#3:

We appreciate your comments regarding our manuscript entitled "Cervical cancer screening rates before and after the Great East Japan Earthquake in Miyagi prefecture, Japan" (manuscript ID: PONE-D-19-25407R1). We have revised the manuscript according to your comments and provided detailed responses to specific comments below.

Authors should make the following corrections:

Lines 39 - 40; the data source should be appropriately referenced by including it in the reference list and represented with the reference number in block parenthesis in the text.

We agree with your comments. We have revised manuscript accordingly (line 39 and reference \#1).

Line 113; the appropriate phrase for i.e, is \'that is\', not e.g.

We appreciate your comments. We have corrected manuscript accordingly (line 112).
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Dear Dr. Ito,

We are pleased to inform you that your manuscript has been judged scientifically suitable for publication and will be formally accepted for publication once it complies with all outstanding technical requirements.

Within one week, you will receive an e-mail containing information on the amendments required prior to publication. When all required modifications have been addressed, you will receive a formal acceptance letter and your manuscript will proceed to our production department and be scheduled for publication.

Shortly after the formal acceptance letter is sent, an invoice for payment will follow. To ensure an efficient production and billing process, please log into Editorial Manager at <https://www.editorialmanager.com/pone/>, click the \"Update My Information\" link at the top of the page, and update your user information. If you have any billing related questions, please contact our Author Billing department directly at <authorbilling@plos.org>.

If your institution or institutions have a press office, please notify them about your upcoming paper to enable them to help maximize its impact. If they will be preparing press materials for this manuscript, you must inform our press team as soon as possible and no later than 48 hours after receiving the formal acceptance. Your manuscript will remain under strict press embargo until 2 pm Eastern Time on the date of publication. For more information, please contact <onepress@plos.org>.

With kind regards,

Kenji Hashimoto, PhD

Section Editor

PLOS ONE
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Dear Dr. Ito:

I am pleased to inform you that your manuscript has been deemed suitable for publication in PLOS ONE. Congratulations! Your manuscript is now with our production department.

If your institution or institutions have a press office, please notify them about your upcoming paper at this point, to enable them to help maximize its impact. If they will be preparing press materials for this manuscript, please inform our press team within the next 48 hours. Your manuscript will remain under strict press embargo until 2 pm Eastern Time on the date of publication. For more information please contact <onepress@plos.org>.

For any other questions or concerns, please email <plosone@plos.org>.

Thank you for submitting your work to PLOS ONE.

With kind regards,

PLOS ONE Editorial Office Staff

on behalf of

Prof. Kenji Hashimoto

Section Editor
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